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We examine lepton number violation (LNV) in theories with a saturated black hole bound on a 
large number of species. Such theories have been advocated recently as a possible solution to the 
hierarchy problem and an explanation of the smallness of neutrino masses. The violation of lepton 
number can be a potential phenomenological problem of this A-copy extension of the Standard 
Model as due to the low quantum gravity scale black holes may induce TeV scale LNV operators 
generating unacceptably large rates of LNV processes. We show, however, that this does not hap- 
pen in this scenario due to a specific compensation mechanism between contributions of different 
Majorana neutrino states to these processes. As a result rates of LNV processes are extremely small 
and far beyond experimental reach, at least for the left-handed neutrino states. 
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I. INTRODUCTION 

Very recently the existence of a large number of copies 
of Standard Model (SM) particles has been proposed as 
a possibility to lower the Planck scale and solve the elec- 
troweak hierarchy problem [l|, Q • 

It was shown that in this scenario the fundamental 
quantum gravity scale A is related to the effective Planck 
scale Mp as 



A 



M P 

Vn' 



(i) 



This implies A ~ O (TeV) for N ~ 10 32 and thus solves 
the hierarchy problem [HQ- The above bound is imposed 
by consistency of large distance black hole dynamics p||j| 
in the presence of TV copies of the SM fields. 

Moreover, in Q this scenario has been advocated also 
as a mechanism for generating small neutrino masses, 
providing an attractive alternative for seesaw, extra di- 
mensional and other known mechanisms. It is assumed 
that there exists one SM singlet right-handed neutrino 
vpj per SMj copy, so that j = 1, ...,7V. The mecha- 
nism relies on the fact that the right-handed neutrinos, 
being SM singlets, couple to all the SM copies "democrat- 
ically". This SM singlet democracy, combined with the 
requirement of unitarity of the theory, leads to a l/>/~N 
suppression of the Yukawa couplings to the left-handed 
neutrinos vlj and thus a suppression of the correspond- 
ing Dirac neutrino mass terms. Thus the minimalistic 
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approach to the problem of small neutrino masses ad- 
vocated in Q suggests that B — L violating Majorana 
masses of Urj are unnecessary in this scenario and lep- 
ton number could assumed to be conserved. 

The assumption of lepton number conservation is how- 
ever rather ad hoc, as there is no fundamental reason to 
forbid Majorana masses for the right-handed neutrinos 
and lepton number conservation appears as an acciden- 
tal symmetry. Moreover, quantum gravity breaks global 
symmetries, and then conserved lepton number requires 
a gauged B — L symmetry Ui(b-l) ■ The latter should be 
spontaneously broken to avoid the existence of the corre- 
sponding massless gauge boson, stringently constrained 
by phenomenology. On the other hand, lepton number 
violation might be helpful for successful baryogenesis. 

In the following we analyze the issue of lepton number 
violation within the TV-copies SM. 



II. MODEL FRAMEWORK 



We assume a 



H (SU 3c x SU 2W x U y ) . x U 1{ 



B—L) 



(2) 



gauge symmetry of the A^-copies SM including a common 
anomaly free gauge factor Uim—L)' This gauge factor 
prevents the appearance of phenomenologically danger- 
ous Lepton Number Violating (LNV) operators induced 
by TeV black holes. An additional permutation sym- 
metry Zn acting in the space of the SM^ species (i — 
1,2, ...,N) is also imposed [4]. which, to be unaffected 
by black holes, should be considered as a gauged sym- 
metry in the sense of being a discrete subgroup Zn C G 
of some continuous gauge group G spontaneously broken 
down to Zpj. 
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The Lagrangian terms relevant for our discussion are 
the following: 



HS 



\j v Rj ( LH )i 



PijV c m VRjS + Ki(H^H)iS^S. (3) a ) 



The model involves N right-handed SM singlet neutri- 
nos Pm and one SM singlet complex scalar field S having 
the B — L-charge equal to +2. Then the trilinear HHS 
couplings are forbidden in ([3]). The U^b-l) is sponta- 
neously broken by a vacuum expectation value (S) re- 
sulting in the appearance of a Majorana mass term from 
the second term in Eq. ([3]). We assume that the scale 
of B — L breaking lies below the gravity cutoff A. The 
Dirac mass terms considered in Ref. [4[ arise from the 
first term after the electroweak symmetry breaking. 
We now consider the Yukawa coupling N x N matrix 



Xij of Dirac type, following Ref. 
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As the VRi fields 



are not charged under the SM symmetry, they cannot 
be assigned to a single SM-copy, apart from respecting 
the same transformation properties under a permutation 
symmetry acting on the space of species. This permuta- 
tion symmetry constrains the Yukawa coupling matrix to 
the form 



(4) 



This matrix, combined in the first term in (J3]) with the 
SM Higgs expectation value (Hi) = (H), results in the 
Dirac neutrino mass matrix 




(5) 



Here following Ref. [4J we assume that the electroweak 
symmetry breaking leaves the permutation symmetry un- 
broken. This implies that the VEVs of all the Higgs 
species are equal to the same value (H). A key point 
ensuring in the scenario of Ref. [1] the smallness of neu- 
trino mass matrix entries is the smallness of the Yukawa 
coupling matrix (U), which follows from the requirement 
of unitarity of the theory. This can be shown by consid- 
ering right-handed neutrino inclusive production in the 
scattering of the SM particles, as displayed in Fig. 1(a). 
At high energies the rate of this process grows like 



T ~ Nb 2 E, 



(6) 



as follows from dimensional analysis. Here we assumed 
a ~ b, which is suggested by the observation that these 
two quantities are of the same nature and there exists no 
fundamental reason for them to be very different in mag- 
nitude [J] . Unitarity below the gravity cutoff is preserved 
only for 



b < 



1 



A 



(7) 



Thus the neutrino mass matrix (J5J) results in N — 1 Dirac 
neutrinos with tiny masses mo — (H) / \/N < 0(eV) [J], 
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FIG. 1: Diagrams relevant for the Unitarity constraint on 
Neutrino Yukawa couplings: (a) via exchange of the Higgs 
doublet Hi (Lepton number conserving); (b) via exchange 
of the Higgs Singlet (Lepton number violating). Xi denotes 
some of the SM fields coupled to Hi with strength /. 
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FIG. 2: The diagram leading to the strongest Unitarity con- 
straint on the Majorana neutrino mass term. 



which fulfill the experimental bounds constraining them 
to the sub-eV scale. One neutrino state in this framework 
is very heavy, with mass of the order M D ~ \N (H) , 
which is comparable with the effective Planck scale. 

Now let us turn to the second term of Eq. ([3]) which 
upon breaking the B—L symmetry leads to the Majorana 
mass matrix of the right-handed neutrinos 



m%=p ij (S). 



(8) 



The permutation symmetry constrains the Majorana 
type Yukawa coupling N x N matrix in the same way 
as for the case of Dirac type Yukawa couplings to be of 
the form 
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FIG. 3: Diagram for neutrinoless double beta decay in the 
presence of N copies of the SM particle content. 



The similarity arguments used above to justify a ~ b in 
Eqs. (01, ([5]) can equally be applied to motivate c ~ d. 
Now, when considering the scattering process of right- 
handed neutrinos, both final states can be any of the N 
copies as in Fig. 1(b) and, thus, the inclusive rate grows 
like 



N 2 c 2 d 2 E, 



(10) 



which preserves unitarity below the gravity cutoff only 
for 



1 



N 



(11) 



An even more stringent bound results from the diagram 
of Higgs doublet scattering in Fig. O 



N\ 2 d 4 E. 



(12) 



The scalar quartic couplings Ki should not be very small 
since there is no symmetry protecting its smallness. Thus 
Ki ~ 1 can be assumed for rough estimations. This im- 
plies 



d< 



1 

2V' 



(13) 



This limit remains unaffected if additional 5-branches 
are inserted in the diagram in Fig. 2. Consequently the 
neutrino Majorana mass matrix entries (J5J are even more 
strongly suppressed as the Dirac masses discussed above. 



III. NEUTRINO SPECTRUM AND LEPTON 
NUMBER VIOLATION 

We now turn to the neutrino mass spectrum and mix- 
ing. The mass matrix written in the basis of the 2 2V fields 
H Q = {vlp,vbs+n} {a = 1, ...,2.2V, (3 = 1, ...,2V) has the 
following form, 



M v = 







,D 



(14) 



where mP and m M are 2V x 2V submatrices given by Eqs. 

The set of 22V mass eigenstates v. L — U- a ^ a of 



this symmetric matrix splits into two groups of (N — 1) 
degenerate states v + and v~ and another two states 2V . 
These groups correspond to two 2V — 1 dimensional and 
two singlet representations of the permutation group Zn 
The resulting eigenstates are 



(2V-l)-plet: u+ 



k ' 



1,..,2V- 1 



(15) 



m + = 2 ( - (Ja + A °)' 



U lut - 



(-1) 



k-l 



V k (k + 1) 



9l 



(2V — 1) — plet 



k = 1,..,2V- 1 
l^o- A ), 
(-1) 



k-l 



9l 



singlet : 2V+, M+ = -(a N + A N ), 



M_ 



JV+ 



y/N{Ml +g%) 



singlet : 2V , Af_ = ~(a N - A N ) 



U XN - = 



^N{M 2 + +g 2 N ) 



with 



a n = [c+(n-l)d](S), g n = [a + {n-l)b](H), 
A„ = V4 ff 2 +(T 2, n = 0,2V. 

Here we denoted the mixing matrix element of each 
state with the neutrino of the original SM copy by Ui a - 
All phenomenological manifestations of the two sets of 
(2V — 1) degenerate states specified above are identical to 
two effective fields v + and v~ with masses m+ and m_, 
respectively. They are defined as 



N—l 



± k=l 
V = 



N-l 



(16) 



Thus, the left-handed neutrino interaction eigenstate 
of the original SM copy (a = 1) can be written as 

Vhi = U lv+ v + + U lv -v~ + U 1N+ N+ + U 1N -N~, (17) 

where the effective mixing matrix element of v with v^i 
is defined as 



U lv ± = 



N-l 



n 2 - 

\ k=l 
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(18) 
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Assuming a ~ b and c ~ d as discussed above we find 



m± ~ ±m u (l± S m ) ~ — !=, 



M± a ±Af w (l±i tf ) 



(19) 
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(20) 



Thus there are two light states and two very heavy 
states with a mass ratio M±/m± of ~ iV. For con- 
sistency with the neutrino phenomenology one needs one 
neutrino at sub-eV scale, say, m v ~ 10 _2 eV. Then, as 
seen from Eqs. (l20l) , the states N ± are pushed in mass to- 
wards the effective Planck scale and, therefore, their phe- 
nomenological impact is negligible. The light Majorana 
states have a very small mass splitting S m ~ 1/\N 
and form a quasi Dirac state with mass m u . Thus these 
light states are expected to induce lepton number vio- 
lating processes at rates ~ 1/N. However, due to the 
structure of the mass matrix (|14[) with zero submatrix 
in the upper-left corner, LNV processes are even more 
strongly suppressed. The contribution of light v k and 
heavy N k Majorana neutrinos with the masses m„ fc and 
Mjv fc , respectively, to the amplitude Alnv of a generic 
LNV processes can be schematically written as 



A 



LNV 



E 



pl + m 2 k 



Pa 



Pt 



(21) 



Here m& denotes all mass eigenstates, while m v k and 
M/v/c denote the light and heavy sets m v k *C po and 
Mnu 3> Po, respectively, and po is the characteristic mo- 
mentum of the LNV process under consideration. Here 
we defined 



m vk Ul k , (ml) =J2 m lkUl k , (22) 



1 

~Mn~ 



U 2 

\p U lN k 



For neutrinoless double beta decay (Of/3/3), which is the 
most sensitive probe of LNV, the characteristic momen- 
tum is po ~ 105 MeV. For other LNV processes such as 
meson decays and equal sign dileptons in pp-collisions, 
this characteristic momentum p is even larger. 

From the definition (J22J and Eqs. ([T5 ]) -(fI3 |) it follows 
that the leading term of the expansion (|2ip vanishes, 
(m„) = 0. This result can be understood by taking into 
account the following two facts. First, the following re- 
lation holds, 



k 



(23) 



where now the summation runs over all masses of both 
heavy and light neutrinos. Here the mass matrix Jv[ v 
with zero N x N upper- left corner is given in (|14|) . 

Second, as we mentioned before in Eqs. (fl"5|) . the light 
neutrino states belong to two (N ~ 1) dimensional rep- 
resentations of the permutation group Zn while the two 
heavy states are iT/v-singlets. Thus, due to symmetry 
reasons the cancellation in the sum (I23|) can only happen 
within the same representation, in other words, within 
(N — 1) + (N— 1) group of light neutrino states and 1 + 1 
heavy neutrino states. This can be directly confirmed by 
substituting Eqs. (fI5 ]l -([T5 |l into Eq. ([2"2l . 

Thus the N = 10 32 SM exhibits the curious property 
that the expression (|23| vanishes individually also if the 
sum runs only over the eigenstates being much lighter 
than po, which corresponds exactly to the usually dom- 
inating contribution to neutrinoless double beta decay 
originating from the first term in Eq. (|21[) . Consequently 
the first non-vanishing contribution to the LNV ampli- 
tude starts from the second term in Eq. (|2"T1) . This fact 
can also be illustrated diagrammatically as in Fig. [3] 
From Eqs. (fT8 l) -(|20 j) and ([22} it follows that 



(ml) = (a-b) 2 (c-d)(H) 2 (S) 

J_\ ~ ( g ) d 

M N / (S) 2 b 2 N 2 



N- 



(24) 



Therefore, the amplitudes (J^U) of LNV processes in the 
studied framework are extremely small. 

However, this conclusion is based on the assumption 
a ~ b and c ~ d which does not have a firm physical 
motivation since the parameters a, c are not directly sub- 
ject to the unitarity constraints like in Eq. and (|13[) . 
We thus examine what are the typical rates of LNV pro- 
cesses in the scenario in which the latter assumption is 
relaxed. Now the parameters a, c should not be expected 
very small because they are not suppressed by any sym- 
metry. Assuming (S) > (H) to avoid phenomenological 
problems with a new light gauge boson in Eqs. (|15|) we 
have 



m + ss c(S), m_ 



a 2 (H) 2 



(S) 



M± « -(c + dN){S) ± bN(H) 



N 



(25) 
(26) 



Thus, there are still two very heavy states with masses 
M± ~ V~N, which contribute to the amplitude of LNV 
processes via the last term in Eq. (|2~T1) and this contri- 
bution is negligible. The other two Majorana states with 
masses m± are not necessarily light, since the suppression 
due to multiple SM copies is absent now. Their masses 
are related as 



m + = 



(H) 



c s 

— | 171- 

a) 



(27) 



To ensure the phenomenological consistency of this sce- 
nario one has to require that there exists a light neu- 
trino. Thus, we assume that m_ ~ 10 -2 eV and study 
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the corresponding mass m+. The condition (S) 3> (H) is 
required in order to push the masses of the B — L gauge 
boson and the singlet Higgs S towards sufficiently large 
values to elude current experimental limits. However in 
the N = 10 32 SM 0] the values of (S) larger than the 
gravity cutoff A ~ O(TeV) make little sense. Reasonable 
values are around (S) ~ 1 TeV. In the present scenario 
there are no symmetry or other reasons supporting any 
significant difference between the diagonal Yukawa cou- 
plings of H and S Higgs fields in Eq. ©. Therefore, 
for estimations it is reasonable to assume a ~ c. Then 
one obtains m+ ~ 1 eV. Thus for this rather typical case 
the natural values of both masses m_ and m+ are much 
smaller than the typical momentum scales of LNV pro- 
cesses po ~ 100 MeV. This means that again (m v ) = 
and the leading contribution to the LNV amplitude (|2T)> 
is 

AnvP 2 o ~ \(ml)=m-(?±) (28) 
Po V Po J 

~ m_ x 10~ 16 - 10~ 18 eV. 

This is far beyond the sensitivity of possible experimen- 
tal observations. The most sensitive 0^/3/3 experiments 
have reached the limit on the double beta decay observ- 
able A LN vP 2 ~ {m v ) ex P < 0.38 eV 0,0. This conclu- 
sion is valid unless a strong hierarchy c ~ 10 5 a between 
the lepton number violating and lepton flavor conserv- 
ing Yukawa couplings c and a, respectively, is consid- 
ered. Then ra+ ~ 100 MeV and (m u ) ^ and the LNV 
amplitude l|2ip may become large. However, as we com- 
mented above, this situation is rather unnatural since in 
the present scenario there is no symmetry or other mech- 
anism supporting this hierarchy. 

IV. CONCLUSIONS 

In this paper we have adressed a problem arising in 
any scenario with a low quantum gravity scale: do LNV 



operators induced by TeV scale black holes invalidate the 
model? For the case of the N = 10 32 -copies SM we have 
shown that this consequence is avoided due to a non- 
trivial cancelation mechanism. This property should be 
considered as an important benefit of the model. 

Nevertheless, the presence of a large number of right- 
handed Majorana states may have interesting phe- 
nomenological consequences. For example, a very naive 
estimate of the right-handed neutrino decay diagrams on 
tree and one-loop level, which give rise to the baryon 
asymmetry in leptogenesis, scale as (\/N) 2 from the 
Yukawa coupling with TV copies of Vb.u contributing po- 
tentially to the decay, and the vm propagator in the loop 
diagram. So the process may be relevant despite the fact 
that LNV signals are strongly suppressed for the left- 
handed neutrino states. A similar line of reasoning may 
apply e.g. to single fm production at the LHC. Finally 
we did not address the effects of the new neutrino degress 
of freedom on big-bang nucleosynthesis Q and the phe- 
nomenology of baryon number violation and proton de- 
cay [8| in the present scenario. These and other phe- 
nomenological consequences will be discussed elsewhere. 

We conclude that the N = 10 32 -copies SM is safe from 
LNV in the SM sector, and leave the potentially inter- 
esting phenomenology of ujh production and decay for 
further study. 
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